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EUHHG 3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7KHSHUIRUPDQFHWHVWRIJLOWVUHSUHVHQWVDVLJQLILFDQWVHOHFWLRQPHDVXUHLQ
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HFRQRPLFDOO\LPSRUWDQWWUDLWVOLIHJDLQEDFNIDW WKLFNQHVV0/'GHSWKE\
SHU \HDU 6FKLQNHO  7KH DLP RI VHOHFWLRQ RQ IDUPV LV WR LPSURYH WKH
SHUIRUPDQFH RI WKH KHUG E\ LQFUHDVLQJ WKH IUHTXHQF\ RI GHVLUDEOH JHQHV 7KH
UHODWLRQEHWZHHQKHUHGLWDU\DQGWRWDOYDULDELOLW\LQDSRSXODWLRQKHUGLVGHILQHGE\
DKHULWDELOLW\FRHIILFLHQW7UDLWVZLWKKLJKDQGPHGLXPKHULWDELOLW\FDQEHLPSURYHG
UHODWLYHO\HDVLO\E\ LQGLYLGXDOVHOHFWLRQ%UHHGLQJDQGVHOHFWLRQSURJUDPV LQYROYH
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3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO6\PSRVLXP
0RGHUQ7UHQGVLQ/LYHVWRFN3URGXFWLRQ
2FWREHU

8VLQJPRGHO  LW ZDV IRXQG WKDW IDUP DQG \HDU VWDWLVWLFDOO\ VLJQLILFDQWO\
LQIOXHQFHG 3 DQG 3  WKH H[SUHVVLRQ RI WKH WHVWHG WUDLWV 7KH JLOW
JHQRW\SH VWDWLVWLFDOO\ VLJQLILFDQWO\ 3 DQG 3 DIIHFWV %)7 EDFN IDW
WKLFNQHVV%)7 EDFNIDWWKLFNQHVV0/' EDFNPXVFOHGHSWKZKLOHWKHWUDLWV
$(7  DJH DW WKH HQG RI WKH WHVW /'*  OLIHWLPH GDLO\ JDLQZHUH XQDIIHFWHG 3!
7KHHIIHFWRI\HDURQEDFNIDWWKLFNQHVVDQGPXVFOHGHSWKRIWKHSHUIRUPDQFH
WHVWHGJLOWVLVFRQVLVWHQWZLWKWKHUHVXOWVREWDLQHGE\1RZDFKRZLF]HWDO ,Q
WKHVHVWXGLHVDVLJQLILFDQWDQGKLJKO\VLJQLILFDQWHIIHFWRIWKH\HDURQWKHWKLFNQHVV
RI3EDFNIDWWLVVXHPHDVXUHGEHKLQGWKHODVWULEFPIURPWKHPHGLDOSODQHZDV
IRXQG $OVR KDYH IRXQG WKDW JLOW JHQRW\SH DQG DJH KDG D
VWDWLVWLFDOO\ VLJQLILFDQW HIIHFW RQ WKH PDQLIHVWDWLRQ RI WUDLWV LQ SHUIRUPDQFH WHVWHG
JLOWVZKLFKLVFRQVLVWHQWZLWKWKHUHVXOWVREWDLQHGLQWKLVVWXG\
7KHVLUHEUHHGDQGVLUHVZLWKLQWKH EUHHGVWDWLVWLFDOO\KLJKO\VLJQLILFDQWO\3
DIIHFWHGDOOWHVWHGWUDLWVRISHUIRUPDQFHWHVWHGJLOWV0RGHO7KHUHVXOWV
REWDLQHG DUH LQ DJUHHPHQW ZLWK WKH VWXG\ RI WKDW WKH
SURGXFWLRQ SHUIRUPDQFH WUDLWV RI WKH JLOWV WHVWHG YDULHG XQGHU WKH LQIOXHQFH RI WKH
VLUHV$OVR WKH VWDWLVWLFDO VLJQLILFDQFHRI WKH LQIOXHQFHRI VLUHVZLWKLQ6/DQG/:
EUHHGVZDVDOVRGHWHUPLQHGDVFRQILUPHGE\
7DEOHVKRZV WKHUHJUHVVLRQHIIHFWRI WKHZHLJKWDW WKHHQGRIWKH WHVWRQ
WKH WHVW WUDLWV LQFOXGHG LQ0RGHO  DQG  DQG LWV VLJQLILFDQFH OHYHOV RQ WKH WHVWHG
WUDLWVRIWKHJLOWV
7DEOH  5HJUHVVLRQ HIIHFW RI ZHLJKW DW WKH HQG RI WKH WHVW RQ WKH WUDLWV WHVWHG DQG VWDWLVWLFDO
VLJQLILFDQFHVLJQLILFDQFHOHYHORIWKHHIIHFWRQWKHWHVWHGWUDLWVLQFOXGHGLQPRGHO
6RXUFHRIYDULDWLRQ %)7PP %)7PP 0/'PP
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7KHUHJUHVVLRQHIIHFWRIZHLJKWDWWKHHQGRIWKHWHVWRQWKH SURSHUWLHVWHVWHG
XVLQJ0RGHOVKRZVWKDWZLWKDQLQFUHDVHLQZHLJKWE\NJ%)7LQFUHDVHVE\
PPDQG%)7E\PPDQG WKHEDFNPXVFOHGHSWK LQFUHDVHVE\
PP7KH UHJUHVVLRQ HIIHFW RI WKHZHLJKW DW WKH HQGRI WKH WHVW RQ WKH WHVWHG WUDLWV
0RGHOVKRZVWKDWZLWKDQLQFUHDVHLQZHLJKWE\NJ%)7LQFUHDVHVE\
PPD%)7E\PPZKLOHWKHEDFNPXVFOHGHSWKLQFUHDVHVE\PP7KH
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO6\PSRVLXP
0RGHUQ7UHQGVLQ/LYHVWRFN3URGXFWLRQ
2FWREHU

ZHLJKWDWWKHHQGRIWKHWHVWKDGDVWDWLVWLFDOO\VLJQLILFDQWHIIHFWRQWKHSURSHUWLHVRI
%)7 %)7DQG0/'3
&RQFOXVLRQ
%DVHGRQWKHREWDLQHGUHVXOWVLWZDVGHWHUPLQHGWKDWWKHJLOWJHQRW\SHKDGD
VWDWLVWLFDOO\ VLJQLILFDQW HIIHFW 3  RQ %)7 EDFN IDW WKLFNQHVV  %)7 
EDFNIDWWKLFNQHVVDQG0/' EDFNPXVFOHGHSWKZKLOH$(7 DJHDWWKHHQGRI
WKH WHVW DQG/'3  OLIHGDLO\JDLQZHUHQRW LQIOXHQFHG 3!&RQVLGHULQJ WKH
IDUPDVDVRXUFHRIYDULDWLRQLQJLOWWUDLWV LW LVFRQFOXGHGWKDW WKHIDUPKDGDYHU\
VWDWLVWLFDOO\ VLJQLILFDQW HIIHFW RQ WKH WUDLWV WHVWHG 3 7KH \HDU RI WHVW DV D
VRXUFHRIYDULDWLRQVKRZHGDKLJKVWDWLVWLFDOHIIHFW3RQDOOWUDLWVH[DPLQHG
7KHVLUHEUHHGKDGDVWDWLVWLFDOO\VLJQLILFDQW3HIIHFWRQWKHH[DPLQHGJLOW
WUDLWV 6LUHV ZLWKLQ WKH /DQGUDFH /DUJH DQG 'XURF EUHHGV VWDWLVWLFDOO\ KLJKO\
VLJQLILFDQWO\3DIIHFWHGDOOWHVWHGWUDLWVLQJLOWV7KHSURSHUWLHV%)7%)7
DQG0/'ZHUHKLJKO\VWDWLVWLFDOO\GHSHQGHQW3RQZHLJKWDWWKHHQGRIWKH
WHVW2EVHUYLQJE\\HDUVWKHUHZDVDQLQFUHDVHLQYDOXHVIRU /'*ZLWKDGHFUHDVH
LQWKHYDOXHVIRU%)7DQG%)7DQGDWWKHVDPHWLPHDQLQFUHDVHLQWKHGHSWKRI
WKHEDFNPXVFOH%DVHGRQWKHWDEOHDQLPDOVZLWKIHZHUGD\VRI$(7KDYHKLJKHU
YDOXHVIRUWKH/'*WUDLWFRPSDUHGWRROGHUDQLPDOVDQGDOVRKDYHWKLQQHUEDFNIDW
WLVVXH DQG JUHDWHU EDFN PXVFOH GHSWK ,Q WKH IXWXUH VHOHFWLRQ RI JLOWV LW LV
UHFRPPHQGHGQRW WR IRUFHH[FHVVLYH UHGXFWLRQRI WKH WKLFNQHVVRI WKHEDFN IDWVR
WKDWWKHDQLPDOVZRXOGQRUPDOO\UHDFKVH[XDOPDWXULW\DQGVXFFHVVIXOO\EULQJIRUWK
SUHJQDQF\ DQG UDLVH WKH ILUVW OLWWHU DQG ZLWKRXW GLIILFXOW\ HQWHU LQWR VXEVHTXHQW
UHSURGXFWLYHF\FOHV3URGXFWLRQRQRQHIDUPGHSHQGVGLUHFWO\RQWKHTXDOLW\RIWKH
EUHHGLQJPDWHULDO%\PRQLWRULQJDQGFRQWUROOLQJWKHLQWHQVLW\RIWKHJURZWKLQWKH
WHVWJLOWVRIDGHTXDWHDJHDQGERG\ZHLJKWDW LQVHPLQDWLRQDUHREWDLQHG7KHJLOWV
WKDWGRQRWKDYHWKHULJKWDJHERG\ZHLJKWDQGVXIILFLHQWEDFNIDWWKLFNQHVVDWWKH
HQG RI WKH WHVW RU DW WKH ILUVW LQVHPLQDWLRQ GR QRW SURYLGH SURILW EXW UHGXFH
SURGXFWLRQ HIILFLHQF\ /RZ FRVW LV QRW WKH JRDO RI DQ\ SURGXFWLRQZKLFK LVZK\
UHFRUGLQJRIGLIIHUHQWSDUDPHWHUVDQG WUDLWVPDGHGXULQJEUHHGLQJRIJLOWVDUHYHU\
LPSRUWDQW
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO6\PSRVLXP
0RGHUQ7UHQGVLQ/LYHVWRFN3URGXFWLRQ
2FWREHU

SHUIRUPDQVWHVWXQD]LPLFDSUHNRHIHNDWDIDUPHJRGLQHLUDVH
RFD

5H]LPH
&LOMRYRJ LVWUDåLYDQMD MHELRGDVHXWYUGLXWLFDM UDVHRFDRFDXQXWDU UDVH
JHQRWLSD JUOD IDUPH L JRGLQH QD YDULMDELOQRVW SURL]YRGQLK RVRELQD SHUIRUPDQV
WHVWLUDQLK QD]LPLFD X]UDVW QD NUDMX WHVWD $(7 åLYRWQL GQHYQL SULUDVW /'*
GHEOMLQDVODQLQHL'6/
RVRELQH QD]LPLFD LVSLWLYDQH VX X GYD ]DSDWD VYLQMD X WUL X]DVWRSQH JRGLQH
QHUDVWD 
8SUYRP]DSDWXMHELORDXGUXJRPWHVWLUDQLKQD]LPLFD
8 RNYLUX UDVH ODQGUDV / ELOR MH  YHOLNL MRUNãLU /:  L GXURN '
3 QD '6/ '6/ L 0/' GRN QD RVRELQH $(7 L /'* QHPD XWLFDM
3! 8]
RVRELQH 3 *RGLQD WHVWLUDQMD QD]LPLFD NDR L]YRU YDULUDQMD SRND]XMH YUOR
'6/'6/L0/' LOH3RGPDVHQDNUDMX
WHVWD
QHUDVWLJHQRWLSQD]LPLFHSHUIRUPDQVWHVW
$FNQRZOHGJPHQW
7KLV UHVHDUFKZDV ILQDQFHG E\ WKH0LQLVWU\ RI (GXFDWLRQ 6FLHQFH
DQG7HFKQRORJLFDO'HYHORSPHQWRI5HSXEOLFRI6HUELDSURMHFW75
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO6\PSRVLXP
0RGHUQ7UHQGVLQ/LYHVWRFN3URGXFWLRQ
2FWREHU

5HIHUHQFHV
%$+(/.$,720.$-+$18629$(7KHHIIHFWVRISUREHW\SHDQG
LQWHQVLW\RIXOWUDVRXQGRQDFFXUDF\RILQWUDPXVFXODUIDWSUHGLFWLRQLQ/RQJLVVLPXV
GRUVLPXVFOHRISLJV%LRWHFKQRORJ\LQ$QLPDO+XVEDQGU\
SRYH]DQRVW LQWHQ]LWHWD SRUDVWD L RVRELQD PHVQDWRVWL NRG SHUIRUPDQV WHVWLUDQLK
QD]LPLFD*HQHWLND
3ULQFLSL GHILQLVDQMD RGJDMLYD
+XVEDQGU\
&]HFK /DUJH :KLWH JLOWV DQG /DQGUDFH JLOWV RQ WKHLU UHSURGXFWLYH SHUIRUPDQFH
&]HFK-RXUQDORI$QLPDO6FLHQFH±
åLYRWLQMD3ROMRSULYUHGQLIDNXOWHW%HRJUDG=HPXQ
+$59(<5:8VHU
VJXLGHIRU/60/0:DQG0,;0'/9HU3&±±

.(51(529$ 1 9$&/$9296.< - 0$728â(. 9 +$1<.29$ =
7KHXVHRISHUIRUPDQFH WHVWSDUDPHWHUV IRUVHOHFWLRQRIJLOWVEHIRUH WKHLU
SODFHPHQWLQWREUHHGLQJ&]HFK-RXUQDORI$QLPDO6FLHQFH±
LQGLFDWRUV FDUFDV VLGH DQG PHDW TXDOLW\ RI SLJV RI GLIIHUHQW JHQRW\SHV
%LRWHFKQRORJ\LQ$QLPDO+XVEDQGU\
0,&+$/6.$ * 12:$&+2:,&= - %8&(. 7 :$6,/(:6., 5 '
&KDQJHVLQUDQJHRISHUIRUPDQFHWHVWUHVXOWVRIJLOWVRI3ROLVK/DUJHZKLWH
EUHHGSURGXFHGLQ3RODQGLQ%\GJRV]F]EUHHGLQJUHJLRQ-RXUQDO&HQWUDO(XURSHDQ
$JULFXOWXUH
QHUDVWRYD%LRWHFKQRORJ\LQ$QLPDO+XVEDQGU\
12:$&+2:,&= - 0,&+$/6.$ * %8&(. 7 :$6,/(:6., 3 '
 0HDW DQG IDW FRQWHQW RI FURVVEUHG JLOWV ERUQ DQG NHSW LQ 3RODQG LQ
%\GJRV]F] EUHHGLQJ GLVWULFW LQ \HDUV  -RXUQDO &HQWUDO (XURSHDQ
$JULFXOWXUH
LQIOXHQFLQJYDU\LQJRI WUDLWV LQSHIRUPDQFH WHVWHGJLOWV%LRWHFKQRORJ\ LQ$QLPDO
+XVEDQGU\
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO6\PSRVLXP
0RGHUQ7UHQGVLQ/LYHVWRFN3URGXFWLRQ
2FWREHU

JHQHWVNLK L IDNWRUD RNROLQH QD YDULMDELOQRVW UH]XOWDWD SHUIRUPDQV WHVWD QD]LPLFD

VHOHNFLMH X VYLQMDUVWYX 6HGPL VLPSR]LMXP  =GUDYVWYHQD ]DãWLWD VHOHNFLMD L
UHSURGXNFLMDVYLQMD6UHEUQRMH]HURPDMJRGLQH=ERUQLNUDGRYD

9DULMDELOQRVWSURL]YRGQLKRVRELQDVYLQMDQDIDUPDPDX6UELML9HWHULQDUVNLJODVQLN

SURJUDPDX&HQWUDOQRM6UELML'HYHWLVLPSR]LMXP± =GUDYVWYHQD]DãWLWDVHOHNFLMDL
UHSURGXNFLMDVYLQMD± 6UHEUQRMH]HURPDMJRGLQH=ERUQLNUDGRYD

DLQDYHUDJHEDFNIDWWKLFNHQVV
DQG PHDW SHUFHQWDJH LQ SHUIRUPDQFH WHVW RI ODQGUDFH ERDUV 6DYUHPHQD
SROMRSULYUHGD
6&+,1.(/ $ 3  'HVFULELQJ WKH SLJ 3DJHV ± LQ D 4XDQWLWDWLYH
%LRORJ\ RI WKH 3LJ , .<5,$=$.,6 HG &$% ,QWHUQDWLRQDO 8QLYHUVLW\ 3UHVV
&DPEULGJH8.
6=<1'/(5
KHULWDELOLW\ IRU IDWWHQLQJ DQG VODXJKWHU WUDLWV LQFOXGHG LQ DPRGLILHG SHUIRUPDQFH
WHVWLQJPHWKRG$QQDOVRI$QLPDO6FLHQFH±
